Background. The purpose of this study was to report the results and complications of radiofrequency catheter ablation of accessory atrioventricular (AV) connections by using an abbreviated approach aimed at minimizing the duration of the procedure.
Background. The purpose of this study was to report the results and complications of radiofrequency catheter ablation of accessory atrioventricular (AV) connections by using an abbreviated approach aimed at minimizing the duration of the procedure.
Methods and Results. Two hundred fifty consecutive patients with the Wolff-Parkinson-White syndrome or paroxysmal supraventricular tachycardia involving a concealed accessory AV connection underwent catheter ablation with the use of radiofrequency current. In 179 of the 250 patients, catheter ablation was performed at the time of an initial electrophysiology test. Two hundred thirty-five patients had one accessory AV connection and 15 patients had two or more. One hundred eighty-three accessory AV connections were manifest and 84 were concealed. One hundred sixty-one were located in the free wall of the left ventricle, 47 were in the right free wall, 44 were posteroseptal, 10 were anteroseptal, and five were intermediate septal. The time required for catheter placement, the diagnostic component of the electrophysiology test, and the ablation procedure was recorded for each patient, as was the total duration of fluoroscopy. A follow-up electrophysiology test was performed 2-3 months after the ablation procedure.
Ninety-four percent of patients had all accessory AV connections successfully ablated and remained free of symptomatic tachycardia during a mean follow-up of 10±4 months. Two hundred nineteen patients (88%) had all accessory AV connections ablated during the initial attempt at catheter ablation. Mean duration of the entire procedure was 134±75 minutes. Procedure duration was longest in patients with multiple accessory AV connections, shortest in patients with intermediate septal accessory AV connections, and similar in all other locations. A nonfatal complication occurred in nine patients (4%).
Conclusions. The results of this study indicate that catheter ablation of accessory AV connections with radiofrequency current can be performed safely and expeditiously in a majority of patients and confirm in a large series the feasibility of catheter ablation at the time of an initial diagnostic electrophysiology test. This abbreviated therapeutic approach avoids the need for electropharmacological testing, long-term antiarrhythmic drug therapy, and surgical therapy in the majority of patients with the Wolff-ParkinsonWhite syndrome or Associates, Ltd.) using stimuli that were twice diastolic threshold and 2 msec in duration.
During the diagnostic portion of the electrophysiology test, conduction and refractoriness of the AV node and accessory AV connection were assessed, the tachycardia mechanism was defined, and the accessory AV connection was localized to a general region. The effective refractory periods of the AV node and the accessory AV connection were determined at an atrial drive train cycle length of 500 msec; the coupling interval of the atrial extrastimulus was decremented in 10-msec steps. The anterograde and retrograde block cycle lengths of the accessory AV connection were determined by decremental pacing of the atrium and ventricle in steps of 10 
Ablation Protocol
After preliminary localization of the accessory AV connection, precise mapping within the targeted region was performed with the ablation catheter, which was a 7F quadripolar electrode catheter with a 4-mm distal electrode, an interelectrode spacing of 2 or 5 mm, and a deflectable curve (Mansfield-Webster). Bipolar electrograms from the distal pair of electrodes of the ablation catheter were amplified at a gain setting of 2 cm/mV, filtered at 50-500 Hz, and recorded at paper speeds of 100 or 200 mm/second.
Precise mapping was performed by positioning the ablation catheter against the mitral or tricuspid annulus in the region defined during preliminary mapping. Left-sided accessory AV connections were approached from the ventricular aspect of the mitral annulus. The ablation catheter was inserted into the femoral artery and passed retrogradely across the aortic valve into the left ventricle ( Figure 1 ). Right-sided accessory AV connections were approached by positioning the ablation catheter across the tricuspid valve via the inferior vena ( Figure 2 ). For ablation of posteroseptal accessory AV connections, the catheter was positioned in the vicinity of the ostium of the coronary sinus via the performed with a programmable stimulator (Bloom inferior vena cava. When attempts at ablation of posteroseptal accessory AV connections were unsuccessful by using the inferior vena cava approach, the ablation catheter was repositioned into the left ventricle and ablation was attempted with the catheter positioned against the mitral annulus near the coronary sinus os. Twenty-two percent of posteroseptal accessory AV connections were ablated using this left-sided approach. Accessory AV connections that were capable of anterograde conduction were mapped primarily during sinus rhythm or atrial pacing. Target sites for ablation were identified by the presence of discrete atrial and ventricular electrograms, early ventricular activation relative to the onset of the delta wave ( Figure Catheter ablation was performed using radiofrequency energy delivered as a continuous, unmodulated sine wave at 350 kHz (Radionics RFG-3B, Burlington, Mass.) between the distal electrode of the ablation catheter and a large skin electrode ( Long-term Follow-up Each patient was followed for a minimum of 2 months after the procedure. A follow-up electrophysiology test was performed at least 2-3 months after the procedure in 167 of the 235 patients who underwent a successful attempt at catheter ablation. Fifty-eight patients with history of manifest preexcitation declined a follow-up electrophysiology test, and a successful outcome in these patients was defined as the absence of preexcitation on an electrocardiogram recorded 2-3 months after the ablation procedure and the absence of symptomatic tachycardia during follow-up. Thirteen patients with concealed accessory AV connection also declined a follow-up electrophysiology test, and in these patients the only criteria for a successful outcome was the absence of symptomatic tachycardia.
Statistical Analysis
Continuous variables are expressed as mean±+1 SD. Predictors of efficacy and the procedure duration among patients with accessory AV connections in varying locations were compared using Student's t test or X 2 analysis. The relation between the creatine kinase concentration and the number of applications of radiofrequency energy was determined using linear regression analysis. A probability value less than 0.05 was considered significant.
Results

Baseline Findings
Two hundred sixty-seven accessory AV connections were identified in the 250 patients in this study. Two hundred thirty-five patients had a single accessory AV connection, 13 patients had two accessory AV connections, and two patients had three accessory AV connections. Figure 7 shows the locations of the accessory AV connections. One hundred sixty-one were located in the free wall of the left ventricle, 47 were located in the free wall of the right ventricle, 44 were posteroseptal, 10 were anteroseptal, and five were intermediate septal.
One hundred eighty-three accessory AV connections were manifest, and 84 were concealed. Mean AV block cycle length of manifest accessory AV connections was 310+92 msec, and mean retrograde block cycle length was 283+±64 msec. Mean anterograde effective refractory period of manifest accessory AV connections was .289±59 msec. Orthodromic reciprocating tachycardia was induced in 188 patients and had a mean cycle length of 347±72 msec; antidromic reciprocating tachycardia was induced in two patients and had cycle lengths of 280-290 msec; atrial fibrillation was induced in 26 patients and had a mean cycle length of 311±68 msec.
Catheter Ablation Results
Radiofrequency catheter ablation was successful in eliminating conduction through 252 of 267 accessory AV connections (94%) and eliminating all accessory AV connections in 235 patients (94%). Each of these patients remained free of symptomatic tachycardia during a mean follow-up of 10±4 months (range, 2-18 months). Two hundred seventeen patients (87%) had all accessory AV connections ablated during the initial attempt at catheter ablation. Twenty-three of the 33 patients who failed an initial attempt at catheter ablation underwent a second attempt that was successful in 17. The success rate of the initial attempt at catheter ablation (87%) was greater than that of the second attempt (74%) in those patients whose accessory AV connections were not ablated during the initial attempt (p=0.09). Two patients who had failed two attempts at catheter ablation underwent a successful third attempt. Seventeen patients (7%) had a recurrence of conduction through their accessory AV connection 6 hours to 2 months after an apparently successful initial ablation session. Sixteen of these patients returned for a second ablation session that was successful in 15 (94%). The number of sites of radiofrequency energy delivery during successful ablation sessions was 8±7 (range, 1-35; median, 6).
Fifteen accessory AV connections were not successfully ablated. The mean number of sites of radiofre- hours of the ablation attempt were 52%, 74%, and 84%.
More prolonged attempts resulted in only a small increase in success rate, with the fourth and fifth hours resulting in success rates of 86% and 87%, respectively. During a second attempt at catheter ablation in those patients failing an initial attempt, a success rate of 66% was achieved within 2 hours.
Complications
Nine patients (4%) developed nonfatal complications. Complete AV block occurred in three patients. Two of these patients had a manifest or concealed anteroseptal accessory AV connection and AV block developed during delivery of radiofrequency current to a site in close proximity to the His bundle. The third patient developed AV block 16 hours after an apparently uncomplicated ablation of a manifest left posterior accessory AV connection, a manifest posteroseptal accessory AV connection, and a concealed left lateral accessory AV connection. Two of these three patients underwent implantation of a permanent pacemaker.
Two patients developed an ischemic complication of catheter ablation. The first patient had a concealed left lateral accessory AV connection and developed an acute thrombosis of the circumflex coronary artery as a result of inadvertent delivery of radiofrequency current within the left coronary artery. Excluding the one patient who developed a coronary artery occlusion, mean peak creatine kinase concentration among the first 100 patients was 154±103 IU/l (normal, 30-240 IU/l) in the remaining 99 patients and peak MB concentration was 9±9 IU/l (normal, 0-10 IUll). Thirteen of these 99 patients demonstrated an elevation in the creatine kinase MB fraction (mean, 18±13; range, 11-60 IU/l). There was no correlation between the number of applications of radiofrequency current and the rise in creatine kinase or MB isoenzyme concentration. No patient demonstrated a pericardial effusion or a new wall motion abnormality on the echocardiogram performed after the ablation procedure. Discussion
Main Findings
The results of this study indicate that catheter ablation of accessory AV connections with radiofrequency energy can be performed expeditiously, with a high success rate and low incidence of complications. Ninetyfour percent of 250 consecutive patients had all accessory AV connections successfully ablated and remained asymptomatic during follow-up. The success rate of the initial attempt at catheter ablation (87%) was similar to that of the second attempt (70%) in patients whose accessory AV connections were not ablated during the initial attempt. Seventeen patients (7%) experienced a recurrence of conduction through the accessory AV connection during follow-up. Nine patients (4%) experienced an acute complication as a result of the procedure; however, there were no deaths, and most of the complications did not have long-term consequences. The duration of the entire procedure, including placement of sheaths and catheters, the diagnostic component of the electrophysiology test, and ablation of accessory AV connections was less than 3 hours in 78% of patients. The duration of the procedure was shortest in patients with intermediate septal accessory AV connections, longest in patients with multiple accessory AV connections, and similar for accessory AV connections in all other locations. The cumulative success rate increased rapidly during the first 3 hours of the ablation attempt to 84%, with only a slight increase resulting from more prolonged attempts.
Factors Affecting Outcome
No electrophysiological parameter identified patients who failed one or more attempts at catheter ablation. In particular, the location of the accessory AV connection and type of conduction (concealed versus manifest) did not predict outcome. Radiation Exposure 
Complications of Radiofrequency Catheter Ablation
A complication of the procedure occurred in nine patients (4%). Three patients developed complete AV nodal block. Two of these patients had an anteroseptal accessory AV connection and the third had three accessory AV connections: two on the left free wall and one posteroseptal. The 1.2% incidence of heart block in this series is greater than the 0% incidence reported by Jackman et al during radiofrequency catheter ablation of accessory AV connections but is similar to the 2% incidence reported by Warin et a131 during catheter ablation of accessory AV connections with direct-current energy and the 0-6% incidence of heart block reported during surgical division of accessory AV connections. 23 
Duration of Procedures
To make catheter ablation of accessory AV connections feasible in clinical practice and to limit the amount of radiation exposure to patients and laboratory personnel, attempts were made to shorten the ablation procedure as much as possible. As a result, the mean duration of the procedures, including the insertion of catheters and the diagnostic component of the electrophysiology test, was less than 2.5 hours. Many factors contributed to shortening the duration of the procedures. First, the diagnostic component of the test was focused on determination of the baseline properties of the accessory AV connection and the tachycardia mechanism, and all extraneous pacing maneuvers were eliminated. Second, atrial fibrillation was not routinely induced. Although the induction of atrial fibrillation has been advocated for the purpose of risk stratification,3233 this is irrelevant in symptomatic patients with accessory AV connections who are undergoing catheter ablation. Third, drug testing was not performed. Fourth, precise mapping was performed only with the ablation catheter. Fifth, presumed accessory AV connection potentials were not validated; although validation techniques have been described,10 they are time consuming. Sixth, in patients with overt preexcitation, mapping was often performed during sinus rhythm, obviating the need for pacing. Seventh, because radiofrequency current delivery is associated with little or no discomfort to the patient, the induction of general anesthesia was not necessary. Further reductions in the duration of the procedure for left-sided accessory AV connections may be accomplished by using only a single catheter. 9 The first 3 hours of the ablation attempt resulted in a significant increase in the success rate from 52% after 1 hour of the ablation attempt to 84% after 3 hours. More prolonged attempts resulted in only a slight increase in the success rate to 87%. In contrast, during a second attempt at catheter ablation in patients failing an initial attempt, a success rate of 66% was achieved within 2
hours. These results demonstrate that the incremental success rate after 3 hours of an ablation attempt is negligible. This may reflect physician fatigue or possibly edema near the accessory AV connection as a consequence of unsuccessful applications of radiofrequency energy. Although a decision on when to stop an ablation procedure must be individualized, 3 hours may be an appropriate end point. Patients with multiple accessory AV connections would be an exception, as ablation sessions in these patients can be expected to be longer than in patients with single accessory AV connections.
Comparison With Prior Studies
The results of this study confirm and extend those of previous studies of radiofrequency catheter ablation of accessory AV connections.5-9 The 94% success rate achieved in this study is slightly less than the 99% success rate reported by Jackman et al. 7 The success of the initial attempt at catheter ablation (87%) was also less than reported by Jackman et al (98%). This difference may be explained in part by the abbreviated approach used in this study as well as the absence of a prior electrophysiology test in 72% of patients. Whereas mean duration of the ablation procedure in the series reported by Jackman et a17 exceeded 8 hours, mean duration of the procedure in this series was approximately 2 hours.
The 94% success rate achieved in this study also compares favorably with previous reports of catheter ablation using direct-current shocks. Warin et al reported complete ablation of 93% accessory AV connections in all locations with direct-current shocks, and several other investigators have reported success rates of up to 70% for ablation of posteroseptal accessory AV connections.34 Despite the apparently similar efficacy of catheter ablation with direct-current energy and that achieved with radiofrequency current, radiofrequency current may be a preferable energy source because it does not require general anesthesia and is associated with a lower incidence of recurrence. [3] [4] [5] [6] [7] [8] 31 Of note is that long-term outcome in this series was based on the results of a late electrophysiology test in 71% of patients compared with only 37% and 46% of patients in the series by Warin et a131 and Jacklnan et al,7 respectively. Davis et a134 recently demonstrated the importance of late follow-up electrophysiology tests in accurately determining outcome after surgical ablation of accessory AV connections. In their study, predischarge electrophysiology tests (<1 week after ablation) detected only 20% of recurrences, and follow-up based on clinical symptoms or the recurrence of preexcitation on an electrocardiogram detected only 30-50% of recurrences. Therefore, it is possible that the success rate of catheter ablation may be overestimated if long-term follow-up electrophysiology tests are not performed.
Clinical Implications
The results of the present study confirm the feasibility of an abbreviated approach to the therapy of patients with tachycardias involving an accessory AV connection in which the accessory AV connection is ablated at the time of the initial electrophysiology test. This approach avoids the disadvantages of electropharmacological testing, long-term antiarrhythmic therapy, and surgical therapy, with little increase in discomfort or morbidity compared with that of a diagnostic electrophysiology test by itself. This risk-benefit ratio must be reassessed in patients with anteroseptal accessory AV connections because of the nearly 30% risk of complete heart block.
The abbreviated therapeutic approach described in this study also has implications for the management of asymptomatic individuals found to have the WolffParkinson-White pattern on an electrocardiogram. In most cases, further evaluation or therapy of these individuals is not necessary. 35 However, in certain individuals with high-risk occupations, i.e., pilots, school bus drivers, and athletes, electrophysiological testing has been performed for the purpose of risk stratification. This approach may create the dilemma associated with having to recommend long-term antiarrhythmic drug therapy or surgical ablation in asymptomatic individuals found to be at increased risk of sudden death because of an accessory AV connection that has a short refractory period and is capable of rapid anterograde conduction.32.33,35 Given the low risk and high success rate of radiofrequency catheter ablation of accessory AV connections located in positions other than the anteroseptal region, asymptomatic high-risk individuals could be given an option of undergoing definitive therapy during an initial diagnostic electrophysiology test, thereby avoiding the need for drug therapy or surgery.
